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the above report.
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Technical Publication 5789, Part 1" to read "NWC Technical
Publication 5789."

Figure 13, page 27: Under horizontal scale add "DONOR
DIAHETER, MILS."

Figure 28, page 40: At top of curve X348 add "A";
in first line o: key in lower left corner delet-e"A".

A. B. CHRISTMAN
By direction



UNCLASSIFIED
.!ECUiiTy CL.AIsslIC AT.*N OF TNIS PAGE1 MiNIN. aft. m.

REPORT I)OCME14TATIO#4 PAGE RED ITRpTK

8ITPR BU tSGV CESON ECFPIETS CAMLTAIOG NU ORM

NWC TP 5789 IOTACENN00 1CI.T1ETLGfUS~

4 TYTLC,- S..Aun., 
s T YPE of RECPONT & PERIODG COVERED

AN I-XPANDED VARICOMI' METHOD FOR DEiTERMINING Final Report
DETOATION TRANSFER PROBABIUT1ES July 1971 to July 1974

6 4 atolml alROR t ORG11R01PORT NUMOER

Jamecs F- Means

PCIRWORMING ORGANIZATION NAMIE AND0 AOORE0S 10 0RGA. ELN~~IET. TARK

Navaj Wcjsrons Center A~A ORN UNIT NUBR
ChaiaLike CA 9555 RDTASK ORD-035C--211/
Ch~ij Lke. A ~200-1/13F 32-352-501

IIC04TROLL14G OFFICE NAME AND ADDRESS3 IS REPORT DATE

Naval Weapons Center Decemnber 1975
China Lakc, CA 93555 15 NUMBER OFP AGES

AMONITONING AGENCY NAME A AODRIE5N(i dII.,li how CI..U..lin INa011.) IS SECURITY CLASS. W. Ni. gNYQ

UNCLASSIFIED

I. I S.OcukoASSIICATION/0011NGRAOIMG

I~TCAY STTEENT 1014.1 IAI Mml..T

Approved for public release. distribution up'-mited

17 DISTRIBUTION STAVIEVENT (ofth Abo- M4.1*1.4 . An-1 5 .5 910.11dl.I Afo ROW1)

IN SUPPLEMENTARY NOTES

Detonation Transfer Probabilities
Fuze Explosive Comnponeni%

VARtICOMP Metchod

See back of form

DD 147 EDITION oP INov, s is onoirtE UNCLASSIFIED
SECURITY CLA11BIP1ICATION OP THIS8 PAGE MUIN 0.4. SAMIRM



UNCLASSIFIEDI ,V *..WTV WIWI 5PICA?i1001 OF THIS PAOL'btA DWt. 8Mff

IV) An Expanded VARICOAIP AMethod Joe DefenlfnkiX
Deronation Teansfse Pmsibabilinen. by James IF. Means. China Lake,
Calif. NIaval Weapons Center. Dercember 1975. 74 pp. (VWC TP 5789,
publication UN'ICLASSIFIED.)

(I)) VARICOMtP (a term coined by J N. Ayres for a method
developed at the Naval Ordnance Laboratory, White Oak. in the
1950% and early 1960s) is a method for evaluating the interface
between fuze explosive components in which it can be determined
h) statistical aip-'t sis and testing that the reliability and safety of a
ftize explosive train can be predicted at high-confidence levels with
ai small number of tests This is done byv varying the sensitivity of
different explosives that are then substituted into the explosive
train of interest to determine the safety and icliability limits under
a penalty test situation For reliability tests the acceptor design
explosive i, teplaced by A less sensitive VARICOMP explosive.
whereas for salety evaluation i more sensitive explosive (P1l TN) is
'fied

(U') Under contract with the Naval Weapons Center. R
S~resau Laboratory, Inc, completed the sensitivity calibration of
v.,riosas design explosive% and two different series of VARICO'AP
c~ plosives (desensitifed RDXI The wuork differed fiomt earlier
similar efforts in that caih explosive was calibrated using donor% of
three diameters 050, 1005, and 2.00 m~ls) One of the VARICOMP
mixes hits a sensitivir) to initiation treirly independent of diameter.
the other his sensitivity to initiation highly dependent upon
diameteer
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GLOSSARY

Acceptor. The explosive element that accepts the explosive output from a donor; that is. leads and
boosters

Barrier. L'suallv a metal placed between the most sensitive element and the next element in an
explosive train to prevent inadvertent initiation of the munition The barrier is removed when
the munition Safety.Arming device is armed during flight Also called attenuator when used in
the Small-Scale Gap Test (SSGT) and the Proportional Gap Test (PGT).

Booster. An assembly of metal parts and explosive charge provided to augment the explosive
components of a fue so as tii cause detonation of the main explosive charge of the munition.s

Calibration. The technique used for determining the shock sensitivity of an explosive material In the
SSGT. Lucite attenuators of varied thickness are used between the donor and acceptor: while us
the PGT. ,ttenuators of aluminum and steel are used. the Bruceton test method is used to
determine the 50% probability of fire. and statistical analysis is used to determine other
probabilhty-of-fire percentages

Declbmig (DIg). A measure of the stimulus for the SSGT defined as- X = 10 log I1g. where X is the
stimolus in decibangs (DBg) and g is the attenuator thickness (gap) in inches

Desiln explosive. The explosive material to be used in the final design of an explosive train
Donco. The explosive element that delivers an explosive chArge to an acceptor. that is. detonator.

squib, and lead 4

"Explosive train. An explosive train is an assembly of explosive elements arranged in order of
decreasing sensitivity Its function is to accomplish the controlled augmentation of a small
impulse into one of suitable energy to cause the mats charge of the munition to function

Fuze. A device with explosive components designed to initiate a train of fire or detonation in an
item of ammunition by any action such as hydrostatic pressure, electrical energy, chemical
action. impact, and mechanical time. or a combination of these

Gap tast. Abbreviation often used for SSGT.
Lead, An explosive train component that consists of a column of h it explosive, usually small in

diameter, used to transmit detonation from a detonator to booster charge.

lifil. A unit of length equal to 0001 inch.
Mixed responae. In a Bruceton test, some of the explosive items detonate or respond at certain test

levels, and some do not detonate; hence a mixed response.
4NOL Naval Ordnance Laboratory. White Oak. now Naval Surface Weapons Center, White Oak.

NOLC. Nava! Ordnance Laboratory, Corona (since difbanded).
PAIDWS, Abbreviation for Proportional Aluminum Gap Decibaigs; denoting aluminum as the atten-

u;stor material.

_ . . ..
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ftraiaky test By using AVARICOMP explosive, which is less sensitive than the design explosive to
evailuate in exptosave train. the probability that the item will detonate is reduced.

Prsparoetiol Gaps Tea IPGT). A variant of the SSGT used in the calibration or explosive materials
The major differences between the SSGT and the PGT are that (1) the SSGT uses brass, and
the PGT uses Detrin to confine the explotive. that (2) the SSGT uses Lucite. and the PGT uses
aluminum or steel as the attenuator between donor and acceptor, and that (3) the SSGT uses
aanl) 200mit-diamneter cxploýve columns while the PGT uses 50.. 100,. and 200-mil-
da3merer esplosive columns

hrototlype An Item representative of the tinal design in which no mare design changes are expected
M~t~e Abbreviatiuon for Propoitional Steel Gap Dccibangs cienoting steel ,As the ittenuator material.
RDft. Relative decibang: has sante %atue as decibang Used to distinguish difference between i(td and

new calibration schemes
Sensitivity invetisims. A phenomenon that occurs between two different exploivsae materials that differ

either in Loreposition or stite of aggrgation The relative sensitivity of the two explosive$ can
insert when used in sources if substantially different sties

Sinall-Scajle Gap Telst fSSGT). This test is in rhbitrary configuration to study the transfer iot

deto~natinai between smnatt-daiasetter charges loaded into heav) walled cylinders The 'nitrating
stsiuk is varied b) ichanging the tlrs~kkness ,f Lucite interposed between the acceptor and donor
The Acceptor charges are 1 5 inches loug and 0 2 inch in dwianeter. loaded into
I 0inth-diameter brass sLinders

Ssamgate. Substitute
Trish. The nsmber Of tests Performed to determine the safetv or celiabiliq) of an explosive interface.
VARICOW IVARlation of explossive COMIPositicssl. VARICOM.P is a methods for predicting the

detmui~~ton transfer proibability of an explosive train by substitution of explosives of varied
senisitivities tor the design explosive These substituted explosives, whose response have been
Lalibrated relatiVe to the design explosivc, are used to measure the explosive drive inherent in
the design system

4
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INTRODUCTION

VARICOMP as a Penalty Teit

Because the establishnment of required safety and reliability levels in fuze explosive trains would

require simple sties so lofge is to be economically prohibitive, most exploisive train detonation
transfer probabilities arc determined b) penalty tests In apenalty test, a property of the system i%

modified tii redume the probbabilty of the desired result For example. to predwic safety, a particulai
explosive train interface may be tested with a staindard donor and a -more sensitive" acceptor.
conversely to predict reliability, a -less sensitive" acceptor material is used If this probability is
reduced sufficiently. it is possible to obtain mixed responses (that is. some fires and some no-fires)
with samples tif reasonable size and to develop data from which the mean value of thse penalty and
its standard deviation (as well as Lonfidence bands) can be established These estimates can be used
in statistical extrtipolation to estimate safety or reliability under the oeiginal design conditions The
VARJCOMuP IVARlation iif explosive COMaPosition) method, first described completely in a
'NAVWEPS repsort.t is a penalty test in which the variable property is the sensitivity of the acceptor
explosive at in nterfacT tii he invtssiigted Special terms are defined in the Glossary

Advantages of VARICO'JP

As compared with other penalty tests (such as varying the thickness of the out-of-line barriers).
the V'ARICOM.P method bas both advantages and disadvantages The advantages include the alleviation
of the interpretatiional problemis resulting from the complexity of the relationships between each of
the variables that can he lined in other penalty tests of fw'e trains. Another advantage of the
VARICOM.P methoid is that no mechanical alteration of fue components is necessary. In addition to
the saving of time and efftirt required for such alterations, the original VARICOMP method
eliminated qucstions regarding the effect upon detonation transfer of fragments whose sire, number.
velocity. iir flight pattern might be affected by such alteration A third advantage of the VARICOMP
method. as it has been used in the past, is that a series of sarrogate explosives has been charactensred
with respect to mean sensitivity. estimates of the standard deviation, and the precision of these
estimates

INaval OArdissner Laboratory VARICOMP. a Method far Dregrnismnlg begoautsilai 1hourfer PttfirhbEiIe. byJ
N Ayres and others White Oak. Mid., NOL. Jaisuary 1961, SNAYWFiPS Report 74t11
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The existem.. of thewe dat. makes it possible to estimate the reliability or safety of a system
from the result% of relativeis few trials Iit view of thse high cost of developmental hardware. tilus
makes tlhe VARICOMlP method pariteularts attractive for pich" ..ýry tests Performed in early stages
(ir deselopmniet before a design is finalt/ed I neither thfe design explosive nor the surrogate has been
salibratcd. much of this esonomic Advantage of the VARICOIP method is lost. -nice in addition to
the VARICOM.P tests of the proitoty,,c Is/e. the two cilibratnin '-, iv vo ic,"%ars (in spite of this
teed, the VARICOM.P method. which requires losz p.-mot~pe hardware, ma% still he less expensive it
the protors pes Ate safficictitls tostls

Disadantagesf of Original VARICOMtP

The most serioius ilasAdvattage of the VARICOVsP method. as it has been used in rthe pasi. is
that sateis and reti~ibility predictions are based on the vistumptioin (in Aidditiorn to those inherent in
ill penilts test intetptetatiirns thei the relative sensitivttes of thle design explostse ,ind the
VARIUM~P sutriiptc .ire the same in the s~sstem under nivestgawin .is in thae calibration test
irranitemncrt Although the original dm~iptnion of tife method, in recognition of the pitfalls inherent
in this .asssmprtots teeommends ihe use tif A tablibrition test irrangemsent aS similar as is pra~ilic~il ito
the sssrersto use tested, the asailibilits oif Sm~ill.Scile Gap Test (SSGT) data for so many explosives
has encouraged mans to ignore the admoniishm~ent In most ipplications of the VARICOMP method
b% NP.C .ind NOW( (where members of tile RDX. Class A/calitoum stearite binar) s~stem were used
,is surrogates fit (11.-6 in the evaluatiiin iof ssstems int which the donors were 190-mil-drameter
detonators or leads), the .issumptiot' was quite vwl-d This is true stnce CH.6 is essentially a member
of the ahitive-mnsetisined binats series (and behaves as such) It is also true since the leads and
deton~itiots that served as doinors iii previiius fu/c systems were similar. .,. least in diameter, to those
of the SSG;T (200 mils).

Reertitly. however. stmaller detonators have increasingly been used .is donor% and other
explosives. noiibls PBX%.$ and hl'NS-lA. serve as aci.eptors Such systems sri differ from the SSGT
'h~it the% tnve't the relative sensitivity of mnembers of 11-c existing binary series with respect to Some
design esplosives Suich inversions invalidate the abovec assumptioni. upon which safety and reliability

* ~predictions friom VARICOIP data are hised The most important source of such inversions are suec
efftects As donors become smruller. the shock waves induced in the acceptor. become more sharply
divergent so that. iii be self'sustaining. more vigorous reactions are necessaty Since the reaction rates
of explosives. is related fto sl~ock strength. vary with state of aggregation as well as composition.

* ~inversi('ns of relative sensitivity (as soiurce sties are changed) have beer. observed between explosives
of the same or srmilar compositioin hut with different partoic stic and even between samples of the
same lot of explosives oeessed at different densities

Another source of sensitivity inversions is the effect of the shock impedance (liugontot)
mismatch between the trAisfer medium and the acceptor The relatively large range of the shock
impedance of various explosives and the sharp variatioin of this properly with loading density of any
given explosive are reflected in large differences in ,trengths of shock waves transmitted to the
explosives through various transfer media The media between donor explosive And acceptore explosive
also vary greatly in shock impedance. that of steel, for example, is eight times that of polymethyl.
methacrylate (chemical term for Lucite).

6
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"The New VARICOMP

Repo.rt.:d lw.reii arid h% R Stresau Laboratory, Inc.. 2 "7 is an effort to develop a variant of the
original \ARI'OMP method ift which tile effects of transfer media and component size variables (and
tesu~tiln , wlf,1 ti , 1nversintos cin be taken into account. With this objective, each explosive at each
htudii:i denst•. ,,! intercNI %ka" dharacteri/ed by Proportional Gap Tests (PGT) where donors of three

150. 1(0). and 200 inits in diameter) and two transfer media (aluminum and steel) were used.
The Strc',ati reports include an account of the development of the PGT and detonation transter

enisitivit data ohtaiied therewith for various explosives. These include PBXN-5, Type 1. PBXN-5.
ly pc II. ('Il•i. [INS-IA. PI.TN, and two VARICOMP mixes.

CALIBRATION iSTFMs FOR NEW VARICOMP

The general arrangemnent-ot the calibration system is shown in Figure I and was used for all the
design expl,.ive, and VARI(OMIP mixes calibrated. See Appendix A for detailed sketches of all
componvllV't,

Donor Initiation

The explhoive reaction in the donor initiators is initiated by ohmic heating of the stainless steel
• ,.1 in cotct with thie upper surface of the lead azide initiator charge when an electric current
tlows throsih the ver% %mall contact area of the need!e electrode in'.o the foil. This initiator. with

2 R. If Strewau DIkilopm. nit f the VARICOMP Method. Lxpankion of Applicability (7i Determine
Dctiomattom 1rei rtinr Prnhabiittws With Reduced Dependence Upon System 'ariahles). Part 1(c). Calibration of C01.
at a Or)irer I lil•#L*,' Spooner. Wi,.. R. Stresau Laboratory. Inc.. 1974. (Report RSLR 74-I for Naval Weapon%
(enter. ('hna lake. ('alif.)

- W. If. Stfeau. D)t'ciopind it of the I'ARICOMP Method. Expansion of .lpplicabilitY itr Determine
1,'tnnatttn Trauofer Pry-babilittes With Reduced Dependence Sp',, yvstem Variables). Part 1. CaIihration and
('harac rrn:attitn ti'IIXN., av D) 'xpEltifn'e. Spooner. WiK., R. Stresau Laboratory, Inc.. 27 Dtcember 1972.
(Report RSLR 72-7 hir Naval Weapons Center. China Lake. Calif.)

4 R It. Strcsau. Irielpirent of the VARICOMP Method. Fxpension of ApplicabilitY (To Determine
Dekt'tnattli Teanrsfrr Probhabilurner hth Reduced Dependence Upon System Variables). Part 3. Calibration of
RDIXi'ahItum Starate tinarl .¶trtem flor Use as "V,4RICOMP Surrogates. Spooner, Wa%.. R. Stresau Laboratory.,
Inc., 14 f-ebruarv 1973. (Report RSLR 73.1 for Naval Weapons Center, China Lake, Calif.)

"s R. II %trvau. Dcl'elopmenwt of the VARICOMP Method. Expansion of Appilabilit% (!to Determine
Dltttnatlnn Tram , fr I'rohahuiiiers With Reduced DependenceL UlOn System Variables). Part .3. Calibretio of Pi.Tr
frw Utr al a Sunr,gate for PIlXN.3 in Tafety Tests. Spooner. WK. R. Str.mul Laboratory. Inc.. 8 May lq73.
lReport RSI.R 73.2 for Naval Weapon% Center, China Lake. Calif.i

'6 R. It. Strtcau. i•'elpmnwtit qf the VARICOMP Method; Excpansi in of Appikeability (To Determine
Dritonation Tranirfrr Pro hahiltif. Wit0h Reduced Dependence Upon $ystem Variables). Pert 2. Formulatim of
t'ARICOMP / ;fixturex With Minionmm Dependence of Sensitlvt/t Uptm Donor Diameter. Spooner. Wih., R. Setiau
Iahoratoiy. Inc., 14 June 1973. (Rcport RSLR 73.-3 for Naval Weaponi Center, China Lake, Calif.)

I %f. J. Pesko and R. 11 Streau. Development of the IAARICOMP Method, Expanrioll of Aplkiablllv (To
leterminc DIetv,,itatiln 7an.fer Prohbablities With Rehced Dependence Upmo STvstem Vedatblell Port 4. Ptrparattot
and Calibration if VARICOMP Mixthires With Minimum Dependence nf ,enstitry Upon Donor Diamete. Spooner.
Wis.. R. Stresau I.aboraiory. Inc.. 21 January 1974. (Report RSLR 74-2 fot Naval Weapons Center. Chbins Lake.
('altf. 1

3ss t¢vai l:ble Copy
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TO FIRING CIRCUIT
(FIG A-11)

CONNECTOR WEIGHT

ELECTRODE

ELECTRODE GUIDE
(FIG AMTO ;IRING CIRCUIT

DONOR CHARGE

ATTENUATOR

ACCETOR ELLE IS)ACCEPTOR
ACCPTO PELET(S HOLDER (FIG A-4)

CMNTERING SLEEVE
(FIG 101DENT BLOCK

rIGLUF I. Proportioala Ovrnahe Donor IDiarneter) Gap TestL

l-mil foil, tetauires morre than I ooaycer (or. in ipulse, about IM$tOO eisg) to fire. The connector
weighti ahows, in Figute I also provides the contact force oecessary for reliable initiation. In thsese
studies the firirkg energy was orovided by the discharge of a I .600-micro,.arad capacitor charged to 90
viili (which is manry times (he energy required foi; initiatlion)

D~inor OudpuaZ and Chairge

Mnoiu dent outeit data svilli the atirangpment shown in Figrer 2 and the loading sequence and
sonditions if figure 3 isee given in Teble 1.

The P8XN 5 used It, the donor charge was Lot HOL 950.3 orepared by Holston Ordnance
Wo'k:. It luas A !nailcr grain size (approximately 16.5 to 33.1 mils) than normal PBXN.5. which has
soine gra-tns dmnost as its-.c as the largest (209-osil-dtanricetr) donor used in these tests.

6
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FIG A4
FIG A-8

SFIG A-7

FrIG A-3

I

-FIG A.1

SFIG A-6

(BOT11 SOFT AND
HARD BLOCKS USED)

"rIGURL 2. Donr Output Test.

Donor Pellets

The Stokes tabiet machine was used to press the p-ilets because several thousand donor pellets
of each size were required. Since the Stokes machine measures the charge volumettically and presses
it to constant dimensions, there was some question regarding the uniformity of density tha, could be
attained. Because initial pellets pressed showed that the density varied much more than could be
tolerated, the PBXN-5 was subdivided into three lots (I) thut held on the 30.mesh sieve, (2) that
which passed through a 30. but not a 35-mesh stieve. and (3) that which passed through the 35-mesh
sievew each of these was then used for each Jf the three pellet sizes To obtain uniform density, the
Stokes press was modified with a elastomer die spring (Figure 4) to press to a nearly constant
pressure, rather than a constant volume as it does in normal operation. With this modification the
pellets were pressed as specified in Figure 5.

9
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TABLE 1. Dowo Dent Oujtput Dots.

Dent deph, M.1%

Sott intmat blocks H& dow mtnes, blocks
Dono. choprg Rockwell 0 (05-95) Rockv r 49-521

Aname S--Is An Std. die
50 54 06 I 274 I 027

100 I39 04 645 0.31
200 295I lB I 1303 I 043

TAPPET FORK
!ADJUSTED
TO LEAVE

-BOTTOM R~AM

ADJUSTMENT

1/1B IN

FRAME OP
PRESS /

STEEL PLATE 'ELASTOMER DIE
1/4 IN THICK SPRING

ICOMPOUND #7560.
ADJUTMET SCEW OCI~NUT DISOGRIN INDUS-
ADJUTMET SREW OCKNUT TRIES, MANCHESTER. N. H.)

AND SPRING TENSION

FIGURtE 4. Modification of Stokes Tablet Mlachine (Model I11-4) for Conmtao Pmewer Logjam4.
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MATERIAL. PSXN-5. ROL LOT 950-3
DENSITY 1.70 1 0.03 GMCC

ITEM DIAMETER ID), IN LENGTH W.1. IN

0 .049 - 002 0.032 IREF)

0.099 - 0.000 0.072 (REFI
o ÷,0000

0.1 * 0.003 0 145 .'EF)

FIGURES . Donor Pellte

Acceptor Pellets

The acceptor pellet% were hand-loaded at a constant pressure for each test, the explosive for
each pellet being weighed separately. The loading pressure was adjusted to obtain the specified
density after which the density was held constant for all the pellets used in a gven test. Loading
densities were determined from dimensions and weights of the individual pellets. Dimensions were

usually measured with a micrometer or dual indicator height gauge, but for smaller pellets of softer
materials, optical measurements were sometimes necessary (a pellet is compared witls a drill blank of
similar diameter in a photomicrograph). The pellets were weighed with an analytical or ernimicro
analytical balance.

Attenuators

The material used for the aluminum attenuators was 2011-0 aluminum for the thick ones and
1100-0 aluminum for the thin ones. Cold-rolled AMSI C1215 steel was used in all cases for steel
attenuators with 200sml-dianieter donors, and low carbon ahlm steel was used for SO- and

100-mil-diameter donors. Figure 6 gives details on the attenuators used and the alternate attenuitors.

12
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ETCH TO THICKNESSES
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SFOOL 0 

MATERIAL
I. L ALUMINUM 1100-0 OR

0.750 LOW CARBON SHIM STEEL
* 010 IN

MATERIAL
ALUMINUM 2011-0
OR STEEL AISI C1215
(MAY BE MAC14INED IN
CONDITION T3 AND
ANNEALED TO CONDITION 0)

FIGURE 6. Altenuator.

Acceptor and Donor Holders

Delrim (trade name for an acetal resin thermoplastic) was used as the acceptor and donor holder
material in all calibration tests It was chosen because, in general. it is a good impedance match for
the explosive being calibrated and thereby minmuizes reflected shock waves. In addition, the diimeter
of the acceptor was twice the diameter of the donor, which makes the acceptor appear infinite.

STATISTICAL ANALYSIS

The test procedure used in all explosive and VARICOMP calibrations was the Bruceton metho-l
foe wluch the succession of "step size" should be uniform with respect to an appropriate
"normalizing function." This resulted in the establishment of the so-called "decibang" (DBg) as a unit
of initiation intensity (stimulus), DBg scale was used in the calibrations reported herein. The first
trial of a test is performed at one of a series of preestablished sets of conditions or steps. The step
use• used in all calibrations was 0 25 DBg, except for S0-md.diameter PBXN.5, Type 11, with

13
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Aluminum attenuators whsere the step si/c was 0 50 D~g If a detonation results, the next test is
peformed at Ain adjacent step in the direction less conducive to detonation. If it inisfifes. the next

test is iPerfoimed at the adjacent ster in the direction of incrcasing detonation transfer probability
The test is continued in this manner, the condition of each test being determined by the results of
the previous ones until 30 tests in all are performed.

For each explosive (loaded at each pressure at which it is to be tested), two trialt are performeSl
wtth the arrangement shown in Figure 1, except thait so attenuator is used The depth of the detnt
produced in these two trias is averaged, and the "criterion of fiee" used fur this combination of
explosivre and loading pressure is taken as 50% of this aserage (the "zero gap dent")

The data obtained in the Bruceton test is then analyted so obtain estimates of the mean (the
conditrion .it which 501A will detonate) and standard desadtion of the test variable and the errors of
these estimates For the tests and calibrations reported herein, the probability of detonation is
assumed to be a normal distribution, however, in Appendix B the data has been analyzed assuming a
logistic distributiont

f that has been shown to nmore nearly approximate the actual distribution for
electroexplosive devices and is general gives more conservative estimates of the "no-fire" and
"alt-fire" levels No data is available as to whether she same is true for detonation transfer as
reported herein However, if the required reliability and safety can be established using the logistic
analysis, there is greater assuranse that the required levels have indeed beer, met, than with an
assumed noiniml distribution

Definition of Dedibang (Small-Scale Gap Test)

The original VARICOMIP procedure used DBg as its unit of stimulus to quantify sensitivity to
initiation of various explosives The SSGT was used for all calibrations of sensitisity These tests used
Lucite barrier lattesuator) muteriat and provided a measure of snuck transfer sensitivity only at a
single diameter

In the SSGT. the equation relating stimulus to barrier thickness is ;iven as

X = 30 -10 log g

where

jg is in msils and Y5 is the stimulus in DBg. or

X 10 log!

where

R is the barrier thickness in inches

_u na Or•u a nee Laboratosry. thostepi Aiwlews of Br0eton Dole, by L D. etHnatitonr , G. D. Btai, aMd .N.

Aires Whiite Oak, Md.i. NOL, 23 July 1973 (Report NOLTR 73-91

14
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Definition of Proportional Gap Test

The new VA
1ICOMP procedure used the PGT, and the proportional DBS is used as a unit of

stimulus For the PGT reported herein, the sane series of gap thickness was adopted, but to avoid
arnbigusstisss resultin; from the detailed differences in test conditions from the SSGT. the sensitivity
gip decihsang unit is called relative decibalin (RDBs) The calibration tests were performed using the
same thickness barriers as the SSGT. Table 2 lists the DBg or RDBg values versus the thickness of
the barriers

For the calibrations reported herein, the equation relating stimulus intensity in proportional DBg
to system dimensions is

X (PAIDBg or DStDBg) = 10 + 10 log dit

where d is the donor dianeter in mils and g is the barrier thickness in mds. It was dec.ded to
identify the stimulus intensity as Proportional Alumninum Gap Decibang (PAIDBg) or Proportional
Steel Gap Decibang (PStDBg), which also indicates attenuator material.

Calculation of Reliability Estimates

To Lonvert from RDBg to PAIDBg or PStDBg. proceed as follows. For 100-mil-cdarneter dolors.
DBg or RDBg is equal to PAIDBg or PStDBg. since 10 log lijt equals 10 + 10 dig where d - 100
mils-Substituting d - 50 and 200 mils and subtract 3 01 DBg to convert to PAIDBg or PStDBg for
the S0-mil-diameter donor ir.d add 3 01 DBg for the 200-mil.diameter donor.

To obtain estimates of minimum values at 95% confidence of the stimulus level required for 99,
99.9. and 99 99% reliability, the maximum value at 95% confidence of the mean stimulus was added
to 2327. 3.090, and 3.719, respectively, tunes the maximum value at 95% confidence of the
standard devii.ton.

To obtain required stimulus for any given value of reliability, assiming a normal distribution.
the equation is as follows

;X, = X + 71ox + d + Too))

where

Xi -stimulus at desired reliability
T I 76

ox - standard deviation of mean
a - standard deviation of standard deviation

r number of standard deviations from the mean for desired reliability
X 2 mean sensitivity
a - standard deviation

The values of o, ox. oo, and X ire taken from the tables for each of the design and VARICOMP
explosives in this report. This is done for each of the three calibration diameters. and then a smooth L

curve u drawn through the three points to obtain the stimulus versus donor diameter curve.
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TABLE 2. Gap Decibangs or RelativeSO~~~~ec, bangs as a Function of • - " .

Barrier Thickness.
(See Fig.9 6)

Dt g Nominal Nem"In
value th.cknems. iiibcINckren-

5.00 316.2 1625 23.71
525 298.5 !&.50 224
5SC. 281 8 6- 75 21.14
575 2061 17 19.0C 6
6.00 2512 172'i 18.84
625 2371 17.50 17.78
1.5 223.9 177 1M.79
675 211.4 1800 1585

7 0 199.5 1825 1496
"7.25 188.4 18.5 14.13

750 177.8 1675 1334
775 167.9 1900 1259
800 158.5 19.25 11.89
825 1496 1950 11.22
850 141.3 1975 1062
875 133.4 2D.00 10.00
900 1259 2025 044
925 1189 2050 8.91
950 112.2 2075 841
975 106.2 21.00 7.94

10.00 1000 21.25 750
1025 9441 2150 708
10.50 89.13 21 75 &.68
1075 8414 2200 6.31
1100 7943 2225 5.96

S1125 7499 2250 5.62
1150 70.79 22.75 531
11.75 6683 23.00 501
1200 63.10 23.25 4.73
12.25 5957 2150 447

12.50 56.23 23,75 4.22

1275 5309 2400 398
1300 50.12
13.25 47.32
13.50 44.67
13275 42.17
1400 3981
14.25 37.58
14.50 35.48
14.75 33.50

1500 31.62
I1.25 29.85
15.50 25.1
15.7 2861I
1600 25.12

iB B.16
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CALIBRATION RESULTS

The results of all VARICOMP and design -xplosives calibrated are presented in both tabular and
graphical form Reported are (I) RDX/calcium stearate binary series (the same as used in the original
VARICOMP work done by NOL. White Oak. about 1960). (21 RDX/calcium soap series (developed
during the effort reported herein). (3) CH-6. (4) PBXN-5. Type I. (5) PBXN-5. Type I1 (6) HNS-IA.
and (7) PETN As mentioned previously. all calibrations were based on the 30-shot Bruceton test and
statistically anily/ed as a normal and logistic distribution

I. RDX/Calcium Stearale Binary Series iVARICOMP)

RDX/calcium stearate was chosen to be calibrated because it has a marked dependency of

sensitivity in terms of peak pressure or gap units upon pulse duration or donor diameter. At)

acceptor pellets (RDX/calLium stearate) were pressed at 32 kpsi for the calibration tests After some

preliminary tests with the series containing 4 99% calcium stearate (X358) and 9 16% calcium stearate

(X366). where the X cesignation refers to Mie NOL. White Oak. lot identification of the various
mixtures. it was felt that sensitivity spacing resulting from a change mn stearate content by a factor

of two seemed to be ippropriate The following series with percentage content of stearate was

chosen

X353. 2 54%
X358. 499%
X366, 916%

X384, 18.7%

It was found that 100-mil-diameter donors were incapable of initiating the material containing 18 7%

calcium stearate (X384). 16 55% (X381). or 14 16% (X378) without any attenuator between the

donor and acceptor. Therefore. it was decided to calibrate 12.79% (X374) as well as X353. X358,
and X366 Tables 3 and 4 show the results of the calibration and Figure 7 and 8 are the graphical
results of the mean sensitivity at the lower 95% confidence level, which will be useful for evaluation
of an explosive tramin-

2. RDX (2-Micronl/Calcium Soap Series (VARICOMP)

RDX (2-micron) calcium soap was chosen as one of the VARICOMP mixes whose sensitivity in
terms of peak pressure or gap units would be relatively independent of pulse duration or donor

diameter The lots have been designated 135A, 1358. and 135E. Many different explosive-desensititzer I
combinations were explored, and some of this effort and the details on the mixing of these

VARICOMP lots are discussed in Appendix C.
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TABLE 3 Proportional Gap Test Data for RDX/Calcium Stearate Binary Strifes
Loadled at 32 kpsi With Aluminum Attenuators. _____

Acceptot en'etal. Donor Al"Oý Acceporr Melan Mean StM dav Std. cla of siao o
sttAttanoacum. cb~ Std de,. Stiunn fM n0.5%'Pior

%/NYOL No" eai tttt'i scc FID6 I PAiDBI " '. .D D~g
2 54/X353 50 At Il00.0 1,671- 18932 1 5382 0633 0152 T 0312 165116

100 At 2011-0'~ 1669 11342 11242 0163 0045 j 0064 11 162
200 Ai 20110' 16650 66825 9 735 0 245 0064 0067 9 623

4.99111358 5o Al 11100,0k 1614 21413 18403 0625 0161 0333 18117
100 A 201,i0' 1638 11692 11592 0163 0044 0063 11.514
200 Ai 201.0' 1627 7214 10124 0085 0028 0061 t0070

9 I6IX305 50 .. I
100 A:II00

5  
t607 14125 14125 0186 006 06 14034

2001 Al 20111-0' j I609 800 1091 0 063 0021 87
12.791)(374 t0 .. f.dI100 Al I1100.0e 1549 1&.433 16433 040 0136 I0:176 j 16249

______ 200 At 20'1-0' 1578 j 8625 J 11435 016 0044 0051 j 11358
1114mun~trm at 95% cortfide'irr lni~t-t. imceeto, Win. not initiated methou.' art atietoetof1
St-nt. strip. or 1.0,1 Standard deviation' too uatali for drinaltort of devia-ioe, to be
8ar s~icli. lIced. in it'ie calculated bir Brialeott a.alioas Pirocedure

TABLE 4. Proportional Gap Test Data for RDX/Calcium Stearate Binary Series
Loadled at 32 kpst With Steel Attenuators.

Acceptor materoi.l Doo Acceptot Mean Mean Stid doe Std. dni ofT
atemnata content. diamenter. Atteitotoot lmtwstvtvX nlt Stcldei of me sid dew. o. *tr'u's'ot

%/NCJI. No intis giteal 1c R089 I'SiO D89 DBg 'x Dilt W8t 50% _______

2 54/X3S3 50 Steel
5  

1671 23742 20732 060S 0144 0.291 T 20,4789
100 Steel

5  
1669 15.358 15358 025 0065 0089 15 24

200 Steel. C1 215V 1660 10.642 13526 0155 0043 0.051 13449

4 99/X1358 50 Steel
5  

1.614 25292 22282 0.268 0069 0097 22.1111
100 Steel", 1636 15992 15992 0063 0021 d 15.955
200 Steel. C12151 1627 10696 13680 0095 0031 0052 13625

9 16/X1366 50 Steel
5  

nf."
100 Steel' 160 20304 20304 0443 0.199 0195 20105
200 steel,.C121S 160 1.867 14.857 0.093 0031 0042 14803

12.79/11374 50 Steel h In e,~ -

100 sitee h I1549 22357 22357 0443 011 0195 221S8
200 Steel. C121' I 15S78 12758 15742 0275 0068 01 01 j 15622

aMinimum at 95% confidence d Standard deviation too vital fot deviaton of daviation to be
Lovin canbont ihim ate' I colculated by Bruceton analysis procedure
Bar stock, slicedlin lathe 10 Infnity. acceptot was not initiated virthost an sttenoatot
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'A ItIst

'499% I
CALCIUM t II

e l SICARATEI

X-374
0• 16 • 112.79%CALCIUM

STEARiATE I

Z 3 
---

I I

1 2 X-366
II (9.16%
I CALCIUM

11 STEARATE)

X 353S•- 12 54% CA LCI UM

10 STEARATE)

so 6W 70 80 90 100 150 200
DONOR DIAMETER, MILS i00

I I(;URf 7. Proportiona Gap Snsiti s (Minmum
at 95'% (onifider) of RDX/Catesum Smeate
limairn, Serie With Aluminum Attenuatori. Bis•y
sser describstx in NOLTR 63-91 (lwe text footnote
9)

For the catibryption of this VARICOMP miX, the explosive was prepelletcd at a pressure of 100
I ikps. Densities were determined by dividing the weights of the pellets by their volumes. Densities so
measured are average densit,%. giving no clue regarding point.to-point variations in local density. It is
reasonable to expect tmal the local density at the input surface would affect the sensitwity to
initiation more directly than tlie average density This was verified by a short test of material from
Lot 135E using l00-mil-diameter donors and steel attenuators in which sensitivities of the two ends
of a pellet were compared With the "hard" end (that toward the moving ram in the pressing
operation) toward the donor, the mean stimulus was 20375 PStDBg, while the "soft" end toward
the donor, the mean stimulus was 18 54 PStDBg.
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22

21
X X374

x (12 79% CALCIUM

STE R AE~9'~ CLCIM SEARATIE1

19 (9 16% CALCIUM

STEARATEI

X 353L12 54% CALCIUM
Is STEARATE'

14F

13' L
50 60 70 80 90 100 1S0 200

DONOR DIAMETER, MILS
PIGIJRI II Proportional Gap Snoniisitivies (Msinimums
at 957, Con"Itenrel of t RiX(.V Ani Steir~ite, Binary
Series With St.el Attenuators Itma~n series described
in NOLTR 63-91 (wee text fo,,tn,ste 91

A studv of thc data rCVCals further evidence that dens-ty gradients in pellets pressed in single
action pelleting tiiols can significantly affect gap test restilts 9In addition to the effects of this
gradient, the pellet density may differ froim local densitN hftause of cracks that ire often apparent
aliing planes perpendicular to the Axes of the pellets Sometimtes these cranks mtay cause enough axial
cxpinnion to reduce the calculated density significatttly Another source of density variation Was the
expansait of the pellets with time When Lot 135E wa" first made, a few sample pellets (400 mils in
diameter) werc pressed and the density determnined within a fcw minutes. the density at this time
was between 98 ,ind 99% of the maximum thetiretical density. However, a sample drawn from these
pellets after a few days had a density of only 97.2', oif the miaxtimum themirettci! density. The effect
of this relaxation on gap tests results wan noted where the mean sttmulus in the screening tests
(those performed shortly after the mix was completed) wan higher with the 200.mil-diameter donorn

and lower with the SO-mil-dijmetcr donors than wan the mean stimulus of the Bruceton tests.

9Navat Ordnance Laboratory RL)XiCalciim Seewanae Hisner Sior~t Isuploriie Seaulmtrity Calibrationt, by i. N

AYre and C W RtAndall White Oak. Md. NOL. IS May 1970. (Rteport NOLTR 63-91 1
20
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Thc foregoing discussion of density effects suggcsiN thdt, when using material from Lots 135A,
1358, and 135F as VARICOMP surrogates (with the calibraition data given herein). the specimens be
prepared is firliows

I Prepeller whsenever povsiblc
2 Use headless press-tit drill bushings as dies and drill blanks of the same size designation as

rims. bushings and blanks are each made by .m number of manufacturers to standard frictional letters
and number drill sties Figure 9 shows she general design of the leAding tools

3 Press at !00,000 poiands per square inch with a 10-second dwell.
4 Allow pellets to age 24 itr 48 hssiurs before testing.
5 Detetinine loading density of pellets They should be close to those values listed in Tab'les 5

and 6
6 Install with "hard" end (thiat toward moving rim when pressing) tiwit'ar the donor

Tables 5 And 6 show the results of the Lalhiation and Figures 10 uiid ItI are the graphical
results of the mean scrnsitiviti, at the lower 05%5 confidence level, which will be useful for evaluation
of an exploisive train

Data reported hereini led to the conclusions ihat

I RDX can be reduced, in particle stize (2 microns maximum) by solution in hot acetone and
precipitation by mixing, ini a iurbulenst flow, With see waier (see Appendix C)

2 Suchi finely divided RDX. coated with calcium soap (prccipitated front sod~um soap soluttions
in which tite RDX is suspended as a rlurrv) and presse! at 1(10.000 psi. tsr densities osecr MtS of the
ticoreti~ial nmaximunto itihe mixture. has wrnsitivitics aippreciabiV less dependent upo, dinor size (in
proporiounal g..p tests) than coarwr WCass Al RDX ceated with calcium stearate

DRILL BLANK RAM

BRASS BODY

.4AEAi.BSS PRESS-FIT / /

DRILL BUSHING , ,'5

2' FORCE FIT

I IGURE 9. Sunested Pellet Loading Toot Design.
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3. CalibrAtion data have been obtained with the proportional gap test of three such mixtures
containoing 5 6 (135B). 11.6 (135A), and 19.5% (135E) calcium soap. These data can then be plotted
in coordinates of proportional decibhngs versus donor diameter along with smliar date for members
ot the existing RDX. Class A/calcium stearate binary series of VARICOMP surrogates and printed on
tran ,iarencies Finally. superposition of the VARICOMP on similar plots for design explosives ..ai be
used to rapidly design and interpret VARICOMP experiments to evaluate reliability of fu/e explosive
systems

4 It is recommended that. when .3ing the 135 series mixtures as VARICOMP surrogates.
specimen pleparation simulate As closely as practical that used in calibration tests

3. CH-6

The CH-6 calibrated was from Holston Ordnance Works, Lot HOL-120-2, which is an average lot
of CH.6. Figure 12 is Aplot of the mean st~mulus for initiation of CH-6 its densities of 1 6 and
I 7g/cc as determined with steel and aluminum 4ittenuators. The most obvious feature of Figure 12 is
the proximity of the curves for the two -. ities at the larger dono, didmeter and the wide
separation at the smaller donor diameter This separation by density widicates that the crtical
diameter of CH.6 is smiller at A density of 1.7 g/cc than it a density of I 6 g/cc From the practical
viewpoint. Figure 12 serves to emphasize the need. where donors of small sizes are used, for the
specification and maintenance of relatively high loading densities for CH-6 acceptors. Figures 13
through 16 are additional plots of CH-6 and one of the VARICOMP series for s. ious ciensities and
"attenuators Table 7 lists the calibration data results for CI-6

4. PBXN-5, Type I

Results of the PGT for an assumed normal dittibutuon of PBXN-5. Type I. at densities of I 7
and I 8 gicc are given in Table 8 and plotted in Figures 17 through 21 Note the significantly lower
variability with respect to size as compared to CH-6

"5. PBXN-5, Type II

The PB)(N-5, Type II, was calibrated using only aluminum attenuators at densities of 1 7 and
I 8 gtcc and was identified as "Bitmodal PBXN-5, Batch 5103-L-1, Lot 578.1." The "bmsodal"
designation indicates that it is made prior to the issuance of a current specification for PBXN-5 in
which the designation "Type I1" was applied to the bimodal material.

Results are given is Table 9 and plotted in Figures 22 and 23. In Figure 24. the mean stunulus
for initiation of PBXN-5. Type II. is compared with similar data for PBXN.5, Type 1. and CH.6. It
may be noted that the curves for PBXN.5. Type II, are much closer to those for CH-6 than to
PBXN-5, Type I. This tends to corrobotate earlier impressions that state of aggregation, and in
particular particle size and distribution, can outweigh composition in affecting suceptibdity to
initiation In this respect, it has long been known that dameter effects can be more severe and
failure-diameters can be larger in a bmodal mixture than when either the coarse or fine component
"of the mixture is used
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24

22

20- ACCEPTOR DENSITY 17 0/CC
23 (STEEL ATTENUATOR )

19 2

O 20 ACCEPTOR DENSITY 1I 7 /CC
42~(STELUATTNUMATORI

4 19
2 l ACCEPTOR DENSITY 1.7 61CC

13 - (ALUMINUM ATTENUATOR)

~115

DONOR DIAME ER, MILS
I IGURE 12. Proportioial Gap Ttst Data (Minimum at
95qt Confidence) for 01-.6

At (he lower density (I17 glee), none of the VARICOMP explosives that have been calibrated
can be used in reasonable sample sires to demonstrate reliability. Therefore. I: is recommended that-

I The use of PBXN.S. Type 1I, be avoided in fu~e explosive components that must be initiated
by small sources or attenuated stimuli

2. In any fure component application. PBXN-S. Type 11, should he loaded at a mininmum
density or 1 85 glee

3. Any system in which PBXN.5, Type II, is to be used should function Consistently (better
than 507, at 95% confidence) with the VARICOMP X374 (containing 12.79%, calcium stierate)
substituted for the PBXN.5. Type 11.

6. HNS4IA

The HNS.IA calibrated was supplied by Chemtronics Inc. and identified as HNS4A, Lot No.
64-7, Date of Manufacture 3-72. The Iwo densities calibrated were 1.4 and 1.55 glee using only
aluminum attenuators. The results Of this calibration (Table 10 and Figures 25 and 26) Indicate:

I. Density as tented (1.4 and l.55 glcc) has no appreciable effects on (tie initiation stimulus
required for HNS41A.

2. In any system in which HNS.IA is used, sthe best VARICOMP nubstitute would be 135E
(19.23% desensitized RDX).
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21<
| MEAN FOR X.374

27 (RDX/12 79% CALCIUM

2 6 
STEARATEI~b

S25 MEAN FOR X-366
(ROX/9 16% CALCIUM"24"' STEARATElb

~22-'
-. 21

P 20\

-! o-
159

1899,W%

17Is 9.99% \ \

MEAN 11 1""

so 00 70 80 90 100 1S0 200

"DONOR DIAMETER, MILS

MINIMUM RELIABILITIES AT 96% CONFIDENCE

b DATA FROM RSLR 73-1 (SEE TEXT FOOTNOTE
4) FOR MEMBERS OF BINARY SERIES DESCRIBED
IN NOLTR 63-91 (SEE TEXT FOOTNOTE 95

FIGURE 16. Proportiona Gap Test Data for CH-6 at
L7 g/c and VARICOMP Sursogates; With Steel
Attenustoms

7. PETN

PETN was calibrated for use in explosive trai safety evaluation tests. Two different types of

PETN were evaluated; otie was PETN Superfine and the other was PETN from Buslington, Iowa, Lot
D471. Preliminary tests of PETN Superfine revealed that It would not be sensitive enovugh for safety
evaluation. Therefore, the other lot, which is the same type PETN used in the manufacture of
PBXN-301, was used in the calibration tests. The density of the pellets used m the calibration was
1.4 gloc. Table I I shows the results of the cajibrauion.
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~ ACEPOR CENSTY R DENIT 1.8 CC
- (STEEL ATTENUATORS )

I- CCETORDENITY1.80/CZ 1AUIU4TTNAOS

ACCEPTOR DENSITY 1.7 G/CC

IALUMINUM ATTENUATORS)

50 6 08 00 S 0

ST $0 70 8090 100 150 200
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FIGURr 21 Proportional Gap Test Data for PBXN-S

Type 1.st 1.8 gJcc. With SAluinu Attenuautorn
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•o 
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DONOR DIAMETER. MILS

i 12 12
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PIGURE 22. Psotiortonall Gap Test DatA for PBXN-S.
Type 11, at L7 gt,,. With AlUminum Attntriaofs. 12 MA 5%

-- MEANMEAN 1 50%2

iI

101
so 100

DONOR DIAMETER.OMILS

a MINIMUM RELIABILITIES AT 95% CONFIDENCE

FIGURE 23. ProportionRal Gp Test Data for PBXN-5, T
Type H, at LLB Sc, With Allurinum Attenuato.
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II

17 -

CH.6
AT IS, G/CC'I A .? G/CC

16 \

AT 1.7 1,8GIC
i 14

13

i'~2 
IB 5 TBY-5,EP 11 •I

PBXN-5 TYPE 11
A T 1.8 - /C C
AT 1.7 c/CC

so0 100 150 200S~DONOR 
DIAMETER, MILSSHGURE 

24. ProportonAl Gap Test Data for POXN-5.

0 Type 1, Compared With PBXN-5, TypI 1. and C1".S~With 
Aluminum Attenuators.USE 

OF DATA

SIn evaluating the reliability of an explosive train, the acceptor explosive is usually specified. Thefirst step in evaluating the train ý, "matching of slopes." Curves for the design explosives and the
appropriate attentuator medium are selected from the curves of stimulus Versus diameter for the two
VARICOMP series If combinatypns of steel and aluminum or other media are involved i the system
under investigation, it is adwisWble to n,ne both sets of data and berseve the least optiistc. When
transparencies of the curves of stimulus versus diameter for the two VARICOMP surrogates are used
as overlays to the design explosfae curve (with data for the same attenuating medium as the
transparency), the slopes of the curves for the VARICOMP surrogates are compared w dh those for
the deaign explose The scales on the ordinate must be idenical. If the slopes of the curves for the
destgn explosive ar e curves o tiusof one or the other of the VARICOMP surrogates, that series

can be used in the data collectiot scheme Once the VARICOMP series is selected, a number of
identical tests of the system to be evaluated should be performed with the same VARICOMP
surrogate substituted for that design explosive.
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99%

05o 100 200

DONOR DIAMETER, MILS 14
0MINIMUM RELIABILITIES AT 95% CONFIDENCEI

FIGURE 2S. Proponaonaj Gap Test Data for HNS-IA
at L4 grve. With Aluminum Atrcnuator.L

13 J99999e
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9 9 .99f.W

12 999e*
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FIGVRE 26. toPanIaoW (,aP Teat Data for HNS-IA
at .5S Wlce; With Aluminum Attemostor,
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TABLE 11 Proportional Gap Test Data for PETN Burlington Lot D471,
at Density of 1.4 gl/c

MeanSi~muisia for
Donor Mean Mew Sd dv. SI de of o
Dor Attenuator MtV ,entv X SM I Dy. f d. a., PAIOa anddtiseie,. iMfterls t PAID6g and s. 06o oDBf "i
mi ' RDSa PStOs•BXDBa DOI PStDBq

s0 At 201 1-0 b 12321 9 2 2 1C 0.135 0041 0.047 9.293c
100 A- 201-0b 8558 5 .4se 0.250 0.065 0069 8 572c
200 Ai2011.T3h 5243 64077' 0168 0047 0055 8.159V

50 Steeow 16.442 13432 0475 0.115 0209 13635
t00 Steel. C1215 1 1112 11.426c 0250 0065 0.069 11 559c
200 Steel. C1215b 7025 10010C 0.163 0.045 0053 10.090'

UMaxmm at 95% confidence 'Adjusted to equivalent for alulnt mn
Be, stockr. sied in lathe 11000 or low carbon shim steel

d Low carbon shtm steel.

Example 1. Reliability Analysis of PBXN-S. Type I. Component

Assume we wish to prove 99.9% reliability at 4 95% confidence level between two explosive
components. the acceptor is to be loaded with PBXN.5. Type I, whose 50 and 999", initiatlion
stimulus versus donor diAmeter is shown in Figure 27. the 50% plot is not needed for the evaluation
and is only shown to indicate the relationship to the 999% curves. The explosive interface material
"is steel In testing the interfan.e, it was found that Lot 135A is the least sensitive VARICOMP
explosive that can be inittited with at least 5N reliability at 95% confidence This can be done by
achieving itiation at least 5 times in 5 trials. 7 times in 8 trials. 9 times in I I trials, etc. Since the
i.urve for the VARICOMP explosive is at all points above and to the right of the 999% curve, the
reliability of the interface is shown to be at least 99 9q.

Example 2. Reliability Analysis of Explosive -Tr Component

If the slope for the design explosive is between those of the two VARICOMP series. it may be
advantageous to use both series as shown in the following example.

Suppose sn interface had been tested using VARICOMP explosives of each series as surrogates
for the desigr explosive "T," the intended acceptor design explosive. Furthermore, the materials
designated X358 and 135A are the least sensitive of their respective series that were initiated with at
least 50% reliability at 959 confidence This can be done by achieving initiation at least 5 times in 5
trials. 7 times in 8 trials, or 9 times in I I trials. In Figure 28, the estimate that the interface with
an acceptor of X358 is more than 50% reliable indicates that the locus of the points defining the
effective donor charge dianmeter and stimulus intensity is above and to the right of the curve AOB
(the plotted data relating the minimum value, at 95% coafidence, of the mean initiation stimulus to
donor diameter for X358) Similarly the estimate for 135A indicates that the locus of these points is
above and to the right of the curve COD Wben these indications are combined, the locus must be
above and to the right of the curve AOD. Since this area is above the curve EF at all points (plotted
data relating stimulus for which the predicted reliability of the design explosive "I", is at least
99.99" at 95% confidence to the donor diameter), it can be predicted that the detonation transfer
reliability at the interface in question will be at least 99.99% at 95% confidence for any effective
donor diameter.
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Example 3. Safety Analysb of PBXN-S, Type 1, Component

To utilize PhTN in safety evaluation of the explosive train, -everall procedures can be followed.
Two of those procedures and sample evaluations are outlined below.

Out-of-lIme safety was demonstrated by a test program, including a progressive arming Bruceton
and a two-level progressive arming rundown test, of the statistical design described in MIL.STD-
331 10 For these tests, the leads were loaded with PETN that was calibrated. As outlined in
NAVORD Report 210111 the results of the Probit .Analysis of the progressive arming test data gave a
"degree of safety" of 17 which corresponds with a saftety failure probnbdity of 10-49 Under
conditions where the detonation transfer probability of PETN is 10-3 or less, that of P9BG1.S. Type
1.ý is less than 10-6 (Figure 29). The curve for 10-6 probability of detonation transfer of PBXO4.5 is

at all points above and to the right of the 10-3 probabilits' of initiation for PETN.

10

4 01%
I. MEAN t(,0%t

8 9

50 60 70 80 90 100 200
DONOR DIAMETER. MILS

- MINIMUM RELIABILtTtES 195% CONFIDENCEt tPAIOB9)
FOR DETONATION TRANSFER TO PRXN 9. TYPE 1,
AT LOW (NEGATIVE EXPONENTIALSOF TEN) LEVELS

-- MAXIMUM RELtAaILITiES 195% CONFIDENCE) FOR
INITIATION OF PETN AT LEVELS GIVEN IN
PERCENTAGES

FH1I13Rt 29. Example of Safety Test Evtalationl for
PBXN.S. Type 1. at L7 glce.: With Aluminum
Aitenuators

10 MIL-STD-331. Military Samdard Fuze and Fuze Conwmpueiio, Eurinuimsewaee and Peffssriinae Testm for. 16
April 1971.

11 Nava Ordrunet Labsoratory Stauiuuical Methodh Aipnpepfrlee for £Enluafois of Flats ExpoTe-wh, Sefes
Reliabiliy. by It. P Csillina Whsite Oak. Md.. NOL. October 1953.
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Example 4. Safety Analysis of CH-6 Component

In the prelimnmary evaluation of the design concept of an explosive train with a steel rotor. the
acceptor was an explosive lead loaded with CH-6 with a density of 1.7 g/cc. Out-of-line safety was to
comply with the objective of MIL-STD-1316A,t 2 

which states that the safety failure rate must not
exceed 10-6 All five trials with PETN were "safe" as defined in Test I15, MIL-STD-331l 0 

It is
determined from Table 12 that 5/5 safety score indicates that the safety failure rate for PETN is less
than 45.06% Figure 30 shovs that, under conditions where PETN is initiated half the time or less.
the probability of detonation transfer to CI.6 is less than 10-6 Aain all points of the probability
of detonation of the CH-6 curve for 10-6 ire above and to the right of the 50% probability of
imitation curve for PETN.

The general step-by-step procedure to ue used in evaluating the reliability of the interface is as
follows

I Assume the acceptor explosive at the interface in question is CH-6, PBXN-5. or HNS-IA.
Match the slopes of one of the two VARICOMP series with the design explosive with the proper
barrier material and density

2. Determine the reliabilitv of the interface desired. Thls is normally dependent upon the
desired overall reliability of the complete system and is generally expected to be 99.99% at 95%
confidence

3. With a few preliminary tests using the VARICOMP series selected in place of the design
explosive, deternine the leas' sensitive VARICOMP explosive that can be initiated. Start with the
least sensitive (highest percentage of desensiticing material), and if that cannot be mitiatted, go to the
next least sensitive, etc

4. Perform A number of tests utilizing the particular VARICOMP series and percentage
desensitized chosen in step 3 The number of tests performed is dependent upon the users
applicatiomn if a "quick look" At a new interface is desired, two or three tests may be adequate, but
for determining reliabllity of a production type item, 20 or 30 tests may be desirable

5. If the number of fires in the tests of step 4 is shown to be at least 50% at 95% confidence
by utilizing binomial statistics of Table 12 (examples are 12, 13. 14. or 15 fires in 15 tests), and the
curve relating stimulus to donor diameter for the particular VARICOMP series is at all points above
the similar curve for the design explosive at the reliability desired, the reliability of the interface has
been shown to be at least that good

12 MIL-STD-1316A Miitaey Stands'd. Fuze. Design Sofere. Citerse for. 17 September 1970.
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Appendix A

DETAILS OF CALIBRATION SYSTEM COMPONENTS

This section contains detailed sketches (Figures A-I through A-I 1) of components used in the
calibration system. See also Figures 1, S. and 6

RD-1333 LEAD AZIDE,

0 100 IN LONG PRESSED AT
30 KPSI

DONOR BODYSI(FIG A-2)

P43XN.5 PELLETS
LENGTH-DIAM RATIO
NOT GREATER THAN

0.75, DENSITY
1.70 ± 0.02 GICC:

RECONSOLIDATE ONCE

AFTER INSERTION O0

ALL PELLETS (OVER-
FILL AND REMOVE
EXCESS TO FLUSH)

FIGURE A-L Doisor Chalire.

45445" 4
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0TIR 0.005 IN

1.000 IN

MATERIIAL OELRIN ~1

ITEM LENGTH ILI, IN HOLE DIAMETER DRILL LENGTH WL) IN

(FIG A-1) is), IN (FIG 3)

1 0.55 0.050 125 M%' 045

2 0.9 0.100 =39 0.8

3 1.6 0.200 :8 1,5

ric.uRF A-2. Donor Body.

48



NWC TIP 5789

Q0 MATERIAL DELRIN

1.022 IN

ITEM HOLE DIAMETER DRILL
1BIS IN

1 0.060 1.25 MM

2 0.100 #39

3 0.200 48

(a) Donor Inatuto-

/ LEAD AZIDE (RD-1333) t
PRESSED AT 30 KPSI

Ib) Donor Body.

FIGURE A-3. Donor Initiator and Body.
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MATERIAL DELRIN TIR 0006 IN

1.II I IN

S i •0 25O0 - 0 005' IN

ITEM DIAMETER ID), IN DRILL

1 00995 -39
2 0.201 =
3 0404 y

I IGURI A-4 Acepter IIoIdf.
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MAIERIAL AND DENSITY OR LOADING PRESSURE
AS SPECIFIED FOR TEST. DENSITY TO BE
MEASURED AND RECORDED

L

ITEM DIAMETER ID), IN LENGTH IL), IN

1 0 099 * 0 0 000 k 0
0001 0.16 t 0.001

2 0.99 * 0000 0.130 1 0.0020002

3 0.399 *0-0 0.260 t00040 004
FIGURF A-S. Acceptor Pclet.
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1 0IN
- 0.006 N 63STOCK)- - SURFACE TO BE

0.50. 005 INFREE FROM FLAWS

F- 0--.0005 IN 
1/32 X 45 DEG

MATERIAL STEEL 1018.
OR, WHERE 'HARD' BLOCKS ..RE REQUIRED,
STEEL DR ILL ROD HARDENED AND DRAWN
TO ROCKWELL C 49652

I I.iuR17 A-6. Dent 6kl~k.

MATERIAL: DELRIN 0 -TIP 0.006 IN

1.000 IN

11GURE A-7. Elcctne.I Guide.
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0.0.00 IN

0.003 IN RADIUS0

I IGURE A-8 Flectrode (Steel
photiogtaph Needle).

1.0 IN

.-4Ih--0.180 IN

O.S00IN

095 6 0.180 IN

H-0.070 IN T
MATERIAL. BRASS

FIGURE A-9. Conviectoi.
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1.1251IN

1.50 IN

L.0IN

FIGURE A-10. CenterinS Sleeve (Polyethyknee
Tubirq1.
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MECHANICALLY LIMITS:
ONLY ONE SWITCH CAN BE
CLOSED AT ONE rIME

CHARGING SWITCH

MERCURY
FIRING
SWITCH

INITIATOR

E LECTROLYTIC 
I

CAPACITOR,
1.600 l I ,

FIGURF A--. Puls Fmng Tent Citc•iL.

53



NWC TP 6789

ff

Appendix B

"LOGISTIC ANALYSIS DATA

This appendix contains the logistic analysis data (Tables B-1 through B-12) obtained from all
calibratlion of both types of VARICOMP and the des•:n explosives The technique for using the
li istic reliability and safety analysis is the same a, that described under "Use of Datai" for the
Assumed normal distribution
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"TABLE B.1. Lostic Analysis for HNS-IA.

AIUIIi OIO. ~n~r Moa or aelht of Vaobuly of St1•lus for Stimulus for St"illus for. to. of Vai.nn of~t VvabEltttt
m nls lmtl.Ol nomsll, PA] , .Be PAID08 PAIDBe

n, . s m t,,e umat. ,f 9,9.s 99.mm,.S9 .A9%s

.50 At 140 11165 00670 00337 00296 123560 126162 13.5449

.. A 140 105563 01207 0.0552 00447 115708 120293 124186M

200 A: 140 9985 O,0400 21 00642 105017 1066 111381

50 Al 155 112317 0 1956 00624 00623 12936 13.7225 145036

100 At 155 103583 00906 0.0448 005 111007 114331 117648
30 A 55 960 0902 100437 0033 07149 1.0505 114034

I M-Murn o 95% Cofidn Ct

TABLE B-2 Logistic Analysis for PBXN-5, Type II.

Oooo Ac cepnor ,me Vlrlabddayt 
t

I VwitabtiltyOf Stislowts fof Stinulus fo stimulus for

IAttenuutos Oreit st~mat. of 0ssrt of nnate,5, of q9%f 99 9%7 9s
4

i

d a I ste ssate.ai I~8 PA 089 s'. I n. S gamma. S PAID~g PAiDSg PAliiPA

si Al 17 157817 10382 04505 0803 269412 321254 23963

100 At 1 7 1111679 02041 00865 00695 122653 137865 14.6060

i2001 A 17 146938 02143 00924 00953 122131 130964 139778

"s50o A I 8 148938 04911 02163 02363 194772 215786 231796

100 At 18 115083 02489 0.1018 0.1120 137413 147694 156952

9200 At 1 9835 01071 00503 00386 1U 7395 11.1327 115352

oM,.,mssi,m a 95% co'f~dence

TABLE B-3 Logistic Analysis for PBXN 6. Type I.

ACoPiGe A Meat n Variablity of Varesboliyuf Stissiosfoe Stimuilus for Stimuluis fop

d A lse uot , d. wnstv ,ostmy x. ESiine 0 est.natbof eatimate of 99<0 99 9%. 99 99V~

g/ i__l____ ____ ___

M.l% '""'. PAtDSq mof"' an. S. gwnma. S 0 PAIDB1 PAIDS. PAiD09

so Al Is 1190 0149 00654 00672 1261 1310 1365
100 Al 16 1091 01952 00623 00622 1206 12.,82 1369

20 Al I8 1 009 0 107 0 0502 00388 1 064 1 095 1125

so 18 1634 01735 0076 00617 1729 16.09 181.91
10 S 16 1436 01595 00716 00684 15.25 158111 1645

200 St 18 13 71 0044 0 0238 00254 13.94 14.07 1421

100 Al 1.7 10.41 0.0942 00448 0036 10.69 11.17 1147.£

20D Al 17 9 64 00618 0044 0035 1010 1037 1066

o0 SI 17 15.38 01174 00671 00424 16.00 134 1573

100 St 1 7 1436 01506 00716 00654 1535 15.81 1545

200 SI 1.7 13.34 0069 00461 00313 13.79 14.0 14"1

Momm 1t 5% confide we
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aoTABLE 8.4. Logistic Analysis for CH-6. fo Stulsin Smuufr

ADtouato Aensity Venariablty of Variawiity of Stimulusfo Stmlsor tiusfr
ddmtn mtn ensityn.ty Estimate of e.8tim"ateof estimtate of 99911 ge W 9",

mils "MI I O8'S pnrl mea., pailmaS9  PAIDBg PAIDOB PAIDI~g

s0 Al 16 2386 1545 06721 117024 10000 10000 10000
100 Al I6 11 13 0 204 00684 01466 1286 1430 1613
200 Al 16 96S9 00957 00477 00406 1040 1069 1102

50 St 16 2766 024 00967 0014 2917 2022 3145
100 St 1C 15.62 025 0.1059 011i66 1728 1851 1994
2010 St 16 1353 00461 00252 0021 1375 1388 1402

50 Al 1 7 1665 0 7289 0272 04921 2880 4141 5834
100 Al 1 7 19122 0149 00679 00595 1204 1254 1311
200 Al 1 7 990 00605 00307 00294 1 021 1 029 1059

s0 S 17 2217 j 47 019 02679 2697 3128 3689
too St1 17 15 043075 0182783 01535 177 94 2M5
200 1 St 17 r3 74 00605 027 009 1 40 1423 1442

iiMinimium at 95% confidtencr

TABLE 85S. Logistic Analysis for VARICOMP Lot 135A

Donor ~Mean Vjils fV'~y~ Stimulus to, Stimulus f r St.muius for
00' Attenuator sens'~utyt X * Estimate of 1"asiVo a-b~yo 99V2 99 9%, 59 99%!

driameter. maera 9..O ad gamma. g rer"an. Of iamtl'..e of PAD9n PAID89an PAI89aid~
misPSIOe m am-S P~lOBsan P~lStan PA'StndS

50 Al 1604 04082 01659 1 02Z58 t 132 27 17
100 Al 24 046 17 25 1 178 2646
200 A, 1:105 03022 01258 0150 13.27 1710

50 St 2133 02378 00679 010 2264 2388 2512
100 S 1626 03380 01393 01,707 1859 2098 2360
200 St 1608 0096 00467 J 003351 1596 1584 -. 1614

a iimma 95% cwok-ehi

TABLE B-6 Logistic Analysis for Varicomp Lot 135B

Donor Mean St-mulus ior Stimulus for Stimulus forIAttenuator sensitivity X, Estimate of Variability of Variability of M! 99.-o 99 9 Widiameter estimute of

s0 Al 1476 00785 0j03-99 00321 1518 1539 1563

100 Al 1262 0 .1735 00767 0.0731 1 2621 14 26 14 99
200 Al 1068 00357 0202 00234 1067 1098 1109

00 St 16.6 02064 00850 00802 17.80 1074 19.73

Minimum at 95% confidence1 56
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- - ~~~TABLE 8 7. Logistic Analysis for VARICOMP Lot 135E. ___

Doio Ate Meoan ~ a~iy fV~olt Stiltiala for Stimulus for Stimulus for
wiv esiml Of99%a# f 99.9V 99 99VC

daee. material PAtrultinit "I. m ~ltat 01 esiaeo0 siae PAID~tiand PAI108 and PAIO~g and

50 Al 1955 03672 01517 01377 2196 2306 2670
10 l 1301 03822 01507 01991 1622 is1889 2227
20 l 1127 00872 00450 00383 1173 11.99 12 29

0 St 2335 01489 00653 01)877 2416 2465 2521

200 151 01937 00847 0084S 1834 17 11 1800
iiMinlmrurn.t95% cOnfidence

TABLE 6-8 Logistic Analysis for ROX/Calcium Strarrate NOL No. X-353 _____

Donw tenao Mean n aiblt SImululs for Stimulus for Stimiluvs for
d,.,.Atnt;sensitiiV x. estimate uVrability of Varaiiyo 9 9f)*%! 99 99V
diartleter.a-domml~ ristitriat of listimat, of PAIDOga d PAIDSg ard PAID8g admatria PID~tO6 andn . n " atMen SO li~ PNtOsg PSiOl~f

so Al 1538 0382 0092 0ise 1842 2091 24 02100 Al 1124 0093 0027 0032 1172 1198 12217

2003 Al 9735 014 0036 0048 1046 1089 11.36

100 St 1536 0149 .1039 0053 1615 I 1662 1714

200 1 Str 1353 ,0088 ,0025 0029 1396 j 1420 1446

TABLE B-9. Logistic Antalysis for RDX/Calcium Steatrate NOL No. X358.
idn, ean Stimulus for Stimulus for Stimaius for

d Attenuaaror senitini-tv X. Estmimate of Variability of Variabiliy of 99 99 9 V 90.9%
diamter, material PAIODs and gama raesimte of estimateS of Dgad PIB4ai ~O n

.. Is mni, mestn. S,, gamma. Sir PA1tof; PAID~sip PA18tadB
4 soo PStOS;g ________g ____________

so0 Al t840 03037 0078 0182 2074 2261 2495
Al0 1159 0089 0024 00296 171 1228 12.54
Al 

1
So St 12629 0156 004 0057 2606 2662 27.20

100 St 1599 0032 001 00083 2606 26.63 2720
00 t 168 0051 0017 0029 1394' 41 1426

SMinurriur at 95% Conf jenic

TABLE 8 10. Logistic Analysis for ROX/Calcium Stearate NOL No. X366. I,
-ono MeanI V.b~~yfVrblto Stimialasfnr Stimulus for Stimulus ao

daee.Attenuator sensitinity X.Estimate of 9ai9Vtyo aibiiyo 99 9 VG 9999%V
diumtee ~ , estimate of estimate of

.. Is larri PI~ n amma.5  nmeanSm oarriimeS, PA511aDb PAtD119ad PAtDBgan

5(1 Al PStD~q PAiDDg an MAosata; PAIOBari

100 Al 1412 0099 0027 0033 4A62 1489 1 519
200 Ai 1091 00625 0021 0017 11.21 1137 1153

so St nthb
100 St 2050 0265 0067 01137 2202 2325 2472
200 St 1488 0068 ,0032 0031 1519 1529 1556

a Minimum at 95% conflidence

h tnfinity., acceptor wOO nOt initiatted without an attentuator
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TABLE B11. Logsic Analysis for ROX/Calcium Stearate NOL No. X374.

026 068 n1 206% 994 90

OnO A MeanV S ulon to, Stimulus fo T Stim alus far

Aiam ten.uzalo, s7 nn1 w ma e snlte of V uf t 99Vm 9 9of
c am'ete,, *m*te,,a I PAIOBN and g mm1o m a" PAIDBg and PAID89 and PAIOBe ond

md,• PSID~ 2lm a.gam..
D89 9 PSIOB9 PStDBo MooD0g

so At Wn .

100 A: 86 01489 0038 0053 1792 18.96 2020
200 A 1144 0092 0026 009 1 819 81215 1241

S50 SI 1343 0289 0 73 031 1.4.68 -6

100 SI 2236 0266 0068 00117 2408 25 32 328
200 St 157401 0093 0155 0059 107 1738 1778

a Minimum at 95% confidence
SInfinity, aiceptor Was not initiated without an attenuato

l i TABLES-12 LoWstic Analysis for PETN at Density of 1.4 g1cc.

1MesnVr" tyo ',a'W° Stimulus for Stimulus for Stimulus foren S m.
Donor Attenusto, Esht timt 'bltyyo X, 099V 99 9%. a 9 -.% 1

Esmrits d t imt X'etnlt f etiaeo
d~mtr nt•*l PAIDE9 and g;iemma, esimt of e, e o' PAID89 and PAIDBliand PA1009lind

.0,s P$108q f9ma, . garS PStD~g PStO~g PstIOg
li50 AI 9 2 00817 0025 0028 962 985 1009

100 AI 8 46 0 1489 0 038 0 053 9 25 9 72 10 24
2 A: 8.08 00943 0026 0031 855 08 908]

so t 1343 01989 0073] 0 131 1.4 a68 864

100 S1I 1143 01489 0038 .053 122159 12

St 101 00933 0026 ,0031 104 17 11 00
SMinimum at 95% €onf,d&ncei

_u _u _u .•58 -
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Appendix C

PREPARATION OF VARICOMP MIXTURES WITH MINIMUM
DEPENDENCY UPON DONOR DIAMETER

The RDX (2-mtcron)/calcium soap mixtures w:re prepared by four different methods The first
two methods yielded poor and unduplicAble results The following is an account of all methods used
and an explination of why the first two methods did not give satisfactory results.

Single-Step Continuous Flow Process

A continuous flow system (Figure C.-) was used to facil-ate preparation of about 1.900 grams
per batLh Figures C.2 And C-3 show the Masterflcirt pumps and the -mxing nozzles

After calibrating the flow rate of the three pumps. adjustment was mAde of the concentration of
(I) RDX diisolved in acetone. (2) sodium stearate dissolved in water, and (3) calcium chloride
dissolved in water to give the ipproprdite ratios of solutes in the merging flows to give the desired
composition

The solutions were mixed is the following manner The RDX solution from one pump and the
sodium stearate solution from another were forced into a mixing nozzle of Teflon (polytetra-
floroethylene). The openings into the mixing nozzle from the two solutions were drilled off.center to
generate a swirling motion From this point, the RDX/sodium stearate slurry entered another mixing
noizle, as described above, along with the calcium chloride solution. The precipitate was collected by
filtration and washed several times with tap water.

The folloving chemicals and amounts were used to produce an RDX/calcium stearate (10.6%)
mixture (I) 1.690(76 grams if RDX in 20 liters of boiling acetone, (2) 200.47 grams of sodium
stearate in 48 liters of hot tap water (63 to 6rC), and (3) 133.65 grams of calcium chloride in 18
liters of cold tap water.

This process involves the precipitation of RDX in the hot sodium stearate solution rather than
cold water It was hoped that the rapid mixing and the higher temperature would produce very fine
particles

Test results produced a far too sensitive mixture (only 3.5% calcium stesrate), and the most
suspect element was the sodium stearate solution. The turbidity of the sodicm stearate solution (in
hot tap water) indicated that it did not dissolve completely. Hence. It was decided to search for
another desensitrer that would be more soluable in water.

*Rltenssrred trademark.
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1/4-HP MOTOR REDUCED TO MASTERFLEX PUMPS

MIXING NOZZLES

730 L/MIoo-RDX/CALCIUM
1,68D ML/MIN/ 710 ML/MIN STARATE

IýW.6 9 DX I I-FILTER

20 LITERS ACETONE

200.47 9 SODIUM 133.65 g CALCIUM
STEARATE IN 48 CHLORIDE IN 20

LITERS WATER LITERS WATER 
13 A E O EW A T Eý R

I IGLURI C-L SItlk-Stcp onhmfuou I los Systenm.

FLEXIBLE PLASTIC
OR RUBBER TUBING

'PLANETARY'
ROLLERS

I IGURI (C-2. MastarkV Tubing Pump.
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A TEFLON BODY
• ~TEFLON PLUG

T ESSTAINLESS STEEL TUBE

SEC A.A IIGURF (C3. %tising Nozzle

The search started and ended with the acquisition ot Ivory Soap Flakes. The solution proper- es
proved ti be good, plus the fact that Ivory Soap Flakes are readily available and quite inexpensive

The preparation was then tried bv substituting Ivor) Soap Flakes for sodium stearate The
product had a more satisfactory soap content (7 t) 9%) and the sensitivity did decrease, but the
batch was not acceptable with the 200-mtl-diameter donors The failure of the material in the respect
was attributed to its coar%er particle size that, in turn. was ascribed to the precipitation of the RDX
in the hot soap solution rather than kold water

Two-Step Continuous Flow Process

A two.step operation was used to reduce particle sie The RDX was dissolved in acetone

(1.690.76 grams in 20 liters of acetone) and instead ot recrystalliying the RDX with the hot sojp
solution, it was recrystallihed with ice water using a similar continuous flow with two pumps and amixing nozzle (Figure C.4) In the first step the apparatus was arranged to mix tine part of theacetone solution of RDX with two parts of ice water (2 to 6*C) The precipitate was filtered and

washed and added to the soap solution (200 grams of Ivory Soap Flakes in 48 liters of hot (63 to
67C) tap water) after the supernatant fluid had drained off and before the precipitate had dried
The recrystallized RDX was added to the Ivory Soap Flakes solution and stirred vigorously In the
second step it was run through the apparatus again and mixed with the calcium chloride solution
(133 65 grams in 18 liters of water). Again it was filtered and washed.

The resulting material was significantly finer than that made by the single-step process and
proved to be insensitive enough to the 200-mil.diameter donors ind tensttive enough to the
50-mil.dtameter donors to be acceptable

a,
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Three batches were successfully made by this procedure, but duplication of these results vas
unsuccessful becduse of mechanical lailures such as bursting of the flexible tubing, leaks, and breaks
at joints. and erratic pumping rites. These failures were traced to stoppage uf flow by premature
crystaillation of the RDX Some of the stoppages, which occuned at joints in the tubing, were
apparently the result of cooling ol the acetone solution of RDX. Most occurred at the point where
the solution entered the chamber of the iuxing nozzle and were ascribed to a combination of the
cooling action of the ice watei and possible penetration of the water, by diffusion or turbulen.e,
into the mouth of the tube through which the acetone entered the chamber

Such stoppages were eliminated by reducing the RDX concentration in the acetone and
modifying the mixing noarle as shown in Figure C-5 so that the mixing process takes place in a
parallel tither than swirling flow

Preparatton of Lot 135A

The following procedure for Lot 135A was most successful for RDX with 106% calcium soap
desensitarer

I Dissolve 1,126 67 grains of RDX in 20 liters of boiling acetone (56 33 grams per liter)
2 Precipitate RDX with Mte (2 to 6*C1 water (2 I witer/RDX solution) by using the continuous

flow system (Figure C-4) Filter recrystallized RDX
3 Dissolve 133.59 grims of Ivor) Soap Flakes in 48 liters laot (63 to 67C) tap water (2 78

grams per liter)
4 Mix the recrystalheed RDX in the Ivory Soap Flakes solution.
5 Dissolve 89 04 grams of calcium chloride in 20 liters of tap water (4.45 grams per liter)
6 Mix RDX/lvory SoAp Flakes slurry with calcium chloride solution in continuous metered flow

mixing apparatus (Figure C-4).
7 Filter, drain, and wash with five changes of water Dry
Preparahion details for Lot 135A are given in Table C-I

Preparatlion of Lot 153B

Lot 1358 was produced approximately in accordance with the procedures for 135A. with an
intended calcium soap content of 5 3% As with Lot 135A, a number of batchcs were prepared.
some were anilyred and subjected to microscopic examination, and each was subjected to screening
tests. PrCpWration details are given in Table C-2.

Preparation of Lot 135C

Lot 135C was produced next, with a RDX/265% calcium soap content The production
procedure was the same as for Lot 135B, and these amounts of chemicals were used in each batch:
(1) 839.55 grams of RDX in 20 liters of acetone, (2) 2285 grams of Ivory Soap Flakes in 48 liters
of water and (3) 15 23 grams of calcium chloride in 20 liters of water After a number of screening
tests, it was decided that the sensitivity of this material was too high to be usefel. and the
"calibration of 135A indicated the need for a less sensitive material
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STANILESS STEEL PLUG

/IE 
8 TUBE

STAINLESSi•IISTEEL TUBE

p.L . A TEFLON BODY
SEC A-Ak STAINLETS

STE=L TUBE

I I({VRI (C-5 lirxim Norlc '.odrficd for Parallel HIo%

TABLE C 1 Preparation Details for RDX/Calcum
Soap Lot 135A

Acceptance crtnera 200 rn-rd-ametrr donO, >8 00 RDBg,
Wo-in, d ..neter donor <19 25 RDBo

Batch Ylctrr I 8o+--r•rg lest results.
mean nDBg, At adtenuators

no B 200 m- dlar-.,r 80 m,!-danMeterI
Sdoi~or donor

13:A4A 1
0  

1 1848 838 850 1862
S135 A4C 1 282? 663 217 ' 1912
135A 58B I

0  
1 4433 763 812 1 18B7

135A-6C 1h 13159 1044 825 1s80
135A6C 12 h 1.23 11 977 837 1878

-135A-6D I t
1

' 9482 750 is7 1875
135A-6D 12h 11999 0 82 '8 628
135A 6E I' 1,1603 91 825 1837
135A 7 l 1.4433 1145 1887

138A, .11.57754 ..e.n 01421 mean 190838
cpos. I diý std &u, 0 n662

"Ingr-dielt qoontrtemn
1690 76 8 RDX/20 liters acelonr,

200 47 0 Ivory boap Fltke-J48 '-r warwr
133 65 Q calcrum nh,orrd,/20 lina- e,

h Ing-edent qcoantrtn

1126 67 9 RDX/20 Itnr reroreI
123359: tory Strep PFoires/8 ht-n -.r w
89 04 catcr. nihltorder•O2 he's wter I

Pe•cennl•a of caleium Preciptate of lvoot Soap FIkIes

11 174 m•,mple li
11 783 (wnple 2)

11812 I(slrpe 31

Ao 11589
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Preparation of Lot 13SD

Thie production procedure for Lot 135D was the same as for the other lots Since several

batches of Lots 135A, 135B, And 135C were nut usble but contained precipitated RDX of the

Appropriate particle size. some of this material wAs reelauned for use in Lot 135D by the following

procedurel

TABLE C-2 Preparation Details for ROX/Calaumi

Soap Lot 135B

Acceotince ie.teria 200-m.-ld,p ter donou, >7 50 RDB,.
50-m,I.d....er donnr. <18 25 RD.•

SYildsg is rtalts,
Batch Yrids mean RDBu. A aittenators

nO200mi.d-tarnei, 50mtiri-diarnaere
donor donori -

135B-78 2l 9550 800 7 37d 1650
1358.70-11" 1,1037 928 787 17.12

1359-7012b 6555 928 812 1750
135-7E: 11

0  
1.1178 941 800 17.62

135B-86E.i1h 7358 830 175 ;387

1358-SC 1i
5  

7358 830 7 37d1 1662
135S.8C-I2d 9622 810 762 1762
135B-8D-i 10 1.0754 905 787 1662

13588iE 1I h 6792 766 837 1762
l
3
SB.9A.I 1h 7075 798 800 1712

1358-98-11h 7075 798 837 1687
1358.9•8.- 707 5 798 7 87 17,62
1358 9C.1h 9335 1053 8o0 1737

1358-90i 2" 7075 798 800 1800

1359 10,0 - an 77750 mean 177679

,,mparle" rid dan 00875 trd dw 0 1625

a Ingredient quntfhitie
112667 g RDX/20 hte,•;acetone

63 0 9 avory Suap Flakesi48 liten water
42 04 q elcium ehlo•i'de/20 lites water

h Ingredent quantities

839.55 g RDX/20 WonS acltoun
48.99 8 Ivoy Soap FI4ki.en48 toter$ warer.
31.33 8 calcium chloroi2 'li•e•s water

Ingredient quantities.

8 55 9 ROXW2 liters saoeine
22 41 g nIvor Suer, FlairerI4Sliters waere
14.94 g calcium chlorideI2 Iters water

"dFaed screneng tat requireenlt.

"Pretcen1age of calcumn precptaiere of Ivory Soup Fiake

5 756M (ample 1
5 3651 (tample 2)
588 ISM (ampl 31

An 58$942
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dIssTled ýonccntrjtion of the reclaimed VARICOMP explosive s ascertained by chemicl aayi

3 The VARI(OMP ito be rekitanied is mixed in the soap solution to form a slurry
4 he%.kium chloride is added tor the slurry and mixed thoroughly.

STire slurrs is tiltered. wished. and dried
Table C-3 lists the prepiratioin details fit Lot 135D

All bati~hes of Lot 135D3 %ere blended together by mixinig samples of each batch together and
%ubjectting the comiposite simple to a screening test This srimple. whicht was prepared by hand
tumbling the subisamples alter the material had been forced through a16-mesh screen tri break thle
lumps, met the crttertJ that had beets established for Lot 135D.

Liot 135D3 was then blended by a "'miller" (a Louttter-Current Batch Mixer miade by Posey troll
%osrks. [tic, Lanicaster. Pa 1. which mixes powder ini a rottating bowl by the interaction of a steel
reller. %ir mounted that its centerline i% at right angldes nit arid dispnlaced hotriiontallv from that sif the
rotating hbowl arid two vines, one statrursatN and positioned to "plow" the powder from the sides
and bottom corner of the bowl. and tire oither roitatinig (with its blade tangent trit its rotary path) on
the same center but the opposite direction of the howl The miller. which had nt icthed ussed
previously. was used betiuse it seenred iti break lumips more effectively arid with less human effort
than foircing through a sieve This mixing piuscedure apparentll affects sensitivit% since it resulted in a
nieterial that ouild not be initiated b% means rif tire SOmil-diameter donoirrs even with lit,
ateuittinuto Since these indications that subtle modilwtiriton of mixing techniques cart subsiantiall%
affect test results, it seenmed prorbable that tire material if Lort 135D3 might be saved

Analysis oft omposite Lot 13503 shorwed it iii have a suip content of about 22% rather than
the 20'% that had been intended. It his been observed, for sorme explosives. that an increase ill
density tvan increase sensitivity iii small sources while deirtcasing sensitivity to larger sources Withr this
in mind. an eftort was nmade tor find an additive that wosld result in increased density. relative tsr
the theorretical maximum, at tire trading pressure of 100.000 psi At this pressure. material fromi Lirt
135D attained a deirsiss it about Wý tIt the theoretical maximum

To increase the relative density, a 'mall amount nf Vaseline petroleum jelly was added tor a
small sample drawn from List 135A. Tire relative denstit was increased. hut ltre resuilting pellets
coiuld not be initiated with the 5O-mil-dianseter donoirs

A snaial bati rf nmaterial friom List 1 35C, Lot 135D3. and graphite pnitpirtisn~il to yield a ratios
oif 8(Y; RDX. 1i)5rý crilcium snap arid 05% graphite was mixed in the tmiller Material frornt this
hatch att~ainied a density betweeni 98 and 9W% of the theorretical maximsum. aind more than passed tire
screen ,trg test On the basis nif these results. it 'vas decided to convert mirsi of Lot 135D itot List

1 351'. whinch has the aboive proipoirtions. by adding maiteial from Lot 135C Preparatiorn det.iils ate
gives i n Table C-4
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TABLE C-3 Preparation DCtaule for ROX/Calidum
Soap Lot 1350.

Acceeptanc. crior,. '00mil-ctametar donor. >11.00111O5e. 50.nnlduwneter donor. <211.00 RDfgt

Eatcnt I olo Additional Yield Scrintetrsl,

inett donor donor
1350lD.1l),2" .- 1 . - .1816.j 97.5 8.37 20.87
1351011.il.I1" .- . 1,018.6 83.6 8.12 20.12
I35O0lAl1h entranced 2.37720 342.311 2,8300 86 8.37 infinity

Lot No. 135A 228121
1350-126-11 entainced 2.138.65 426.92/ 2.4065 941 8 67 infinity

Lot No. 1358 285.29
1350612C I I enhanced 2.51870 562.93/ 2.943.2 955 837 infinity

Lot No. 135C 375.29
1350-12D.) I enthanced

Lot No. 135C 1,471.60 480.931 2.6036 968 837 infinity

__ 35D___ 1356 72580 32 -2

130 :.. . 12,990 1. mean 8 17501 nfinitV

'Ingrediont quantritis97
5.009 RDX2O it.., acetone.

243.758 Inlory Soso FlakW,48 liters ater.
162 509g calciumt clrloride/20 himer wete&

b One half quantitr cusd in 135D coimposute

~Porcentage of calcium precipirate of lieory Soap Flakes
20.371 It(unpit, 11
24.392 lsarnoe 2)
22.009 sampncle 3)
Mr. 22.256
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TABLE C4. Promortion Details for ROX/Calalum
Soap Lot 135E.

>&I12 ROO. 50Z.mr-diametar donor, <23 25 ROS9

________ donor donor

8.S-1 37 22.50
13SE 2a U.2 2175
I 35E 3

0  &.50 2200
13SE Na 837 23.00
135E S 825 22.50
135E86 825 1 2300D

135E ninn 8.358 1 civn 22.5625
cor'roo,ra I r Ide.. 01375 td. del, 0.620

Singredgent qrimnaflte
1.832 a 35D.

104 : 1315C :&7%;
132 g 135C (I 7%l

94g Gratin it, (Dixon 820 - a product of
tre Joseph, Dixon Crucible Co. .Ierfe,
Crtv. N J I

hlngredientr quantities
1.4540 a 12350

926 1 135C467%3
115.0 9 135C it 7%)

8.3 9Graphite (D..on 6201.
Percentage of calciumn precipirate of Ivory Soap Flakes

I .M8 (Sarriple I)
19.711 Isemnple 2)
19 193 (tample 3)
M~. 19 523
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Chemical Analysis of VARICOMP Mixtures

A chemical analysis of each of the vanous lots of RDX/calcium soap was performed as follows
I Sample size is set to yield approximately 0.3 gram of calcium stearate after the extraction of

the RDX From the standpoint of safety, an upper limit of 3- to 5-gram sample size is
recommended.r 2 A medium porosity suftered glass crucible is thoroughly washed and dried.

3 Weigh simple in sistered glass crucible
4. Extract RDX by 8 washings of 20m] each of boiling acetone. During each washing the

sample is triturated continuously with a glass stirring rod in order to break up all lumps
5 The calcium stearate or calcium soap residue crucible is dried for I hour at 60*C.
6 The residue and crucible are weighted after being allowed to cool for 15 minutes The weight

loss from the acetone extraction is the amount of RDX. .rnd the we.ght of the residue is calcium
stearate or calcium soap

Three samples from each lot were analyzed using this procedure and are shown in each of the
tables for the various lois

Composition of Desensitizer in New VARICOMP Mixes

As has been mentioned in an earlier section. Ivory Soap Flakes was substituted for the sodium
stearate. which had been used for similar purpowes in earlier work.

9 
because of its greater solubility

in warm water (65'C) Sdsum stearate is. of course. a soap Procter & Gamble Co. gave the
tolliwing composition (in percent) for Ivory Soap Flakes

Tallow soap . . >97
Fabric whitener < I
Perfume <.. I

Preservative < I
Glycerine < I
Silicates <. . I

The composition (in percent) of beef tallow is as follows 13

Oleic acid (9 octadecanoic acid) 496
Palmitic acid tsexadecanoic acid) 27.4
Steanc acid (octadecanoic acid) ...... 14 I
Lmoleic acid (9. 12 octadecadienoic acid) 2.5
Myristic acid (tetradecanuic acid) 6.3

1
3 Roberlt C. Weast. ed Handbook of cTwemratrv aid Pmitet• 49th ed Ctvramd. Ohio, Chemeil Rubber Co..
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